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A similar idea appears to have guided Rowland to his brilliant invention
of concave gratings, by which spectra can be photographed without any further optical appliance. In these instruments the lines are ruled upon a spherical surface of speculum metal, and mark the intersections of the surface by a system of parallel and equidistant planes, of which the middle member passes through the centre of the sphere. If we consider for the present only the primary plane of symmetry, the figure reduced to two dimensions. Let AP (Fig. 19)
Fig. 19.
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represent the surface of the grating, 0 being the centre
of the circle.    Then, if Q be any radiant point and Q' its image (primary
focus) in the spherical mirror AP, we have
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where v1 = AQ', u = AQ, a = OA, 6 = angle of incidence QAO, equal to the angle of reflexion Q'AO*. If Q be on the circle described upon OA as diameter, so that u = a cos 0, then Q' lies also upon the same circle ; and in this case it follows from the symmetry that the unsymmetrical aberration (depending upon a) vanishes.
This disposition is adopted in Rowland's instrument ; only, in addition to the central image formed at the angle cj>' = $, there are a series of spectra with various values of <£', but all disposed upon the same circle. Rowland's investigation is contained in the paper already referred to ; but the following account of the theory is in the form adopted by Glazebrookf.
In order to find the difference of optical distances between the courses QAQ't QPQ', we have to express QP-QA, PQ' - AQ'. To find the former, we have, if OA Q = 0, A OP = o>,
QP2 = w2 + 4a2 sin2 ^w - 4cm sin |« sin (%w - <£)
= (u + a sin (/> sin w)2 — a2 sin2 <£ sin2 a> + 4a sin2^&) (a — u cos </>).
Now as far as w4
4 sin2 !&> = sin2 &> + £ sin4 w,
and thus to the same order
- QP2 = (u + a sin <£ sin to)2 - a cos <£ (u - a cos <£) sin2
u cos
sn4
* This formula may be obtained as in Optics, Enc. Brit. Vol. XVH. p. 800, equation (3) [Vol. u. p. 390], and may indeed be derived from that equation by writing 4>'=<j>, /*= - 1. t Phil. Mag. June 1883, Nov. 1883. due to unequal spacing was verified by Cornu upon gratings purposely constructed with an increasing interval. He has also shown how to rule a plane surface with lines so disposed that the grating shall of itself give well-focused spectra.
